Introduction
Hexahydropyrido[3,2,1-jk]carbazol-6-one (blue structure part in A) is part of the heterocyclic skeleton of many natural products (e. g. Strychnos alkaloids A such as strychninolones and derivatives [2, 3a] ). It possesses the biological interesting combination of the well-known indole structure [4] and Our synthetic approach to the hexahydropyridocarbazole system E started with the synthesis of 2,3,4,4a-tetrahydro-1H-carbazole (3) obtained from phenylhydrazine hydrochloride (1) and 2-methylcyclohexanone (2), which are brought to reaction directly in glacial acetic acid as soft acid and as solvent without releasing the free phenylhydrazine bases. The work-up includes the extraction of 3 with diethyl ether from the alkaline isomer mixture to isolate the crude so-called "basic product" as oil [9] [10] [11] [12] [13] [14] [15] , which crystallizes on addition of hexane (Scheme 2). In the 1 H nmr spectra of 3 the 4a-methyl group shows a signal at 1.30 ppm.
The regioselective reduction of the enamine double bond in tetrahydrocarbazole 3 can be achieved with sodium borohydride to give 4a-methyl-2,3,4,4a,9,9a-hexahydro-1H-carbazole (4) as a mixture of two diastereomeric compounds [16] . The spectral data show that in the isolated product mainly the cis isomer is present, and in less than 3% the trans isomer. This mixture was used for further reactions without separation. Hexahydrocarbazole 4 behaves in the following cyclocondensation reactions with malonates 5 like a N-substituted aniline [17] . Cyclocondensation of 4 with excess diethyl malonate 5a in boiling diphenyl ether as solvent is directed after primary N-acylation in the first step to the aromatic ring. The thermally produced intermediate ketene derivative attacks the adjacent aromatic ring position. In the second step a further malonate molecule produces primarily with the intermediate 4-hydroxy-pyridocarbazolone an ester, and then the second thermal induced cyclization takes place directed to the enolized carbon of the 1,3-dicarbonyl moiety in the pyridone ring. This bis-condensation gives in good yields 7-hydroxy-13a-methyl-9a,10,11,12,13,13a-hexahydro-5H,8H-pyrano[2',3':4,5] pyrido [3,2,1-jk] carbazole -5,8-dione (6) . The formed pyridocarbazole ring system of 6 has the correct hydrogenation degree as e.g. visible in strychnos alkaloids (formula A, Scheme 1), however the carbazole rings are arranged in the reverse sequence (see formula E, Scheme 1).
Electrophilic chlorination of hexahydro-pyrano-pyridocarbazoledione 6 with sulfuryl chloride followed by an aqueous work-up leads by bis-chlorination at the carbon of the enolized 1,3-dioxo moiety and subsequent degradation of the pyrono ring to a ring-opened product under loss of carbon dioxide (Scheme 2). In this way 5-(2,2-dichloroacetyl)-4-hydroxy-11a-methyl-7a, 8,9,10,11,11a-hexahydro-6H-pyrido[3,2,1-jk] carbazol-6-one (7) was obtained in good yields. Although excess sulfuryl chloride has to be applied (in a ratio of 4:1), no multiple chlorinated by-products (e.g. at the benzo ring) are observed. 4-Hydroxy-hexahydropyridocarbazolone 9 with an reactive unsubstituted position 5 at the enolized dicarbonyl moiety can serve for the synthetic approach to electrophilic substitutions. Its synthesis includes a 2-step degradation of pyrano-hexahydropyridocarbazoledione 6 and follows a well established route which we have applied in a series of heterocycles containing the structural element of 4-hydroxypyridone [18] . Best results in the ring opening are obtained when 6 is reacted with potassium hydroxide with glycol as the solvent because of a higher reaction temperature and short reaction time. Acidification of the basic reaction mixture with hydrochloric acid results in the formation of an acetoacetic acid fragment as substituent. This intermediate decarboxylates spontaneously at elevated temperatures already in weak acidic media to give 5-acetyl-4-hydroxy-11a-methyl-7a,8,9,10,11,11a-hexahydro-6H-pyrido[3,2,1-jk] carbazol-6-one (8) in good yields. The 5-acetyl group in 8 is removed in a smooth reaction with 90% sulfuric acid at 140°C by ipso-substitution and results in a good overall yield of highly pure 5-unsubstituted 4-hydroxy-11a-methyl-7a,8,9,10,11,11a-hexahydro-6H-pyrido [3,2,1-jk] carbazol-6-one (9) after all 3 steps.
Degradation of
A nucleophilic halogen introduction at position 4 was carried out with phosphoryl chloride by exchange of the 4-hydroxy group. 5-Unsubstituted tetrahydropyridocarbazolone 9 is chlorinated in this way and gives 4-chloro-11a-methyl-7a, 8,9,10,11,11a-hexahydropyrido[3,2,1-jk] carbazol-6-one (10) in moderate yield. Azidation of 10 at position 4 can be performed in ethanol/water at reflux temperature without by-products and gives 4-azido-11a-methyl-7a, 8,9,10,11,11a-hexahydro-pyrido[3,2,1-jk] carbazol-6-one (11) in moderate yields (Scheme 3).
Nitration of hexahydropyridocarbazole 9 with nitric acid catalyzed by a small amount of sodium nitrite gives pure 4-hydroxy-11a-methyl -5-nitro-7a,8,9,10,11,11a-hexahydropyrido[3,2,1-jk] carbazol-6-one (12) in moderate yields without side reactions by attack at the benzo part of the molecule (Scheme 4). A halogenation reaction of 5-nitro-hexahydropyridocarbazole 12 similar as described for 10 with phosphoryl chloride at position 4 by exchange of the hydroxy group does not work. It was found that the reaction needs first the cleavage of the hydrogen bonding between the hydroxy and the nitro group which hinders the attack of phosphoryl chloride. Addition of triethylamine during the chlorination cleaves the hydrogen bonding and leads in good yields to 4-chloro-5-nitro-hexahydropyridocarbazolone 13. The exchange of the chloro against an azido group forms 4-azido-5-nitro compound 14 in moderate yields (Scheme 4). In the last years we investigated a series of cyclization reactions of azides with reactive orthosubstituents [19] [20] [21] [22] . The conditions for the thermolysis reaction of 4-azido derivative 14 was investigated by differential scanning calorimetry (DSC) to obtain the information on the cyclization temperature to obtain the planned furoxane 15 and get information for possible further decomposition reactions. The DSC diagram of azide 14 shows a reaction range with 147.9 °C onset and 179.7 °C maximum, which allows to use dimethylformamide at reflux temperature as the suitable cyclization solvent.
The introduction of the azido group into chloro derivative 13 to get the azido derivative 14 must be carried out below 75°C, to avoid partial decomposition to furoxane 15 visible in the TLC analysis. In the synthetic experiment, cyclization from 14 to 15 was carried out in boiling dimethylformamide and gives 12a-methyl-7-oxo-8a, 9,10,11,12,12a-hexahydro-7H-[1,2,5] The reaction enthalpy in the formation of 15 is ∆H = -125 J/g, which is a rather high value, and must be taken into consideration when larger batches are thermolyzed. The structure of 15 is supported by IR data, which show that the azide signal of 14 at 2115 cm -1 is missing. The thermal cyclocondensation of hexahydrocarbazole 4 with diethyl phenylmalonate (5b) and diethyl benzylmalonate (5c) in boiling diphenylether as the solvent gives via reactive ketene intermediates [17] 4-hydroxy-hexahydropyridocarbazolones 16a,b. The spectral analyses show that the ring closure was again directed to the aromatic ring, visible by the lack of the fourth aromatic proton from the carbazole part. In this way, 4-hydroxy-5-substituted-7a, 8,9,10,11,11a-hexahydro-6H-pyrido[3,2,1-jk] carbazol-6-ones 16a,b have been obtained in good yields (Scheme 6).
Chlorination of 4-hydroxy-5-phenyl-hexahydropyridocarbazolone 16a with phosphoryl chloride gives by exchange of the 4-hydroxy group without catalyst in good yields 4-chloro5-phenyl7a, 8,9,10,11,11a-hexahydro-pyrido[3,2,1-jk] carbazol-6-one (17) . Azidation at position 4 is performed in dimethylformamide at 90°C without by-products and gives 4-azido -5-phenyl-7a,8,9,10,11,11a-hexahydro-pyrido[3,2,1-jk] carbazol-6-one (18) The conditions of the ring closure reaction of the 4-azido derivative 18 were investigated by differential scanning calorimetry (DSC) to obtain the information on the cyclization temperature from azide 18 to 3b-methyl-3b,4, 5,6,7,7a-hexahydroindolo[2',3':4,5] pyrido[3,2,1-jk]carbazol-9(14H)-one (19) and possible further decomposition reactions (Scheme 7).
The DSC diagram of 4-azido-hexahydropyridocarbazolone 18 shows a cyclization range with 241.2°C onset and 241.8°C peak maximum, which allows to use dimethylformamide at reflux temperature as the suitable cyclization solvent. The reaction enthalpy in the formation of 19 is ∆H = -15.1 J/g which is rather low. At 246.3°C a melting point of the azide 18 is observed, which is identical with the melting 
Conclusion
This investigation shows that the reduction of tetrahydrocarbazole 3 with sodium borohydride leads in good yields to hexahydrocarbazole 4. Cyclocondensation of 4 with diethyl malonate (5a) results in the formation of hexahydropyrano-pyridocarbazoledione 6 which was ring-opened to 5-acetyl derivatives 7 and 8.
Removal of the acetyl group in 8 produced 5-unsubstituted 4-hydroxy-hexahydropyridocarbazolone 9, which gave in an electrophilic nitration the 5-nitro derivative 12. Nucleophilic chlorination of 12 gives 4-chloro derivative 13 and subsequent azidation leads to 4-azido-5-nitro-hexahydropyridocarbazolone 14, which cyclized under thermal conditions to the furoxane 15. The thermolytical conditions were investigated by differential scanning calorimetry (DSC).
Cyclocondensation of 4 with aryl-or alkylmalonates (5b,c) resulted in the formation of 5-alkyl-or aryl-hexahydropyridocarbazolones 16a,b. Halogenation of 16a with phosphoryl chloride gave 4-chloro derivative 17 and subsequent azidation leads to 4-azido-5-phenyl-hexahydropyridocarbazolone 18. Thermal cyclization of the azide 18 was investigated by differential scanning calorimetry (DSC) and allowed the synthesis of hexahydro-indolo-pyridocarbazolone 19 under suitable conditions obtained from DSC data.
Methods and Experimental

General
Melting points were determined using a Stuart SMP3 Melting Point Apparatus (Bibby Scientific Limited, Stone, Staffordshire, UK) in open capillary tubes. Calorimetric data were obtained on a Perkin Elmer Pyris 1 DSC instrument with the Pyris Software for Windows (Pyris Thermal Analysis System) V3.72. The differential scanning calorimetry plots were recorded between 25-600°C, with a heating rate of 2-10°C/min, and 1.5-3 mg compound in sealed aluminium crucibles (11 bar) . Infrared spectra were taken on a Bruker Alpha-P instrument (Bruker GmbH, Karlsruhe, Germany), with Attenuated Total Reflectance (ATR) measurement, using a reflexion method. NMR spectra were recorded on a Bruker Avance III instrument (300 MHz 1 H). Chemical shifts are Reactions of 7a,8,9,10,11,11a-Hexahydro-pyrido[3,2,1-jk (1) (90.0 g, 0.62 mol) in glacial acetic acid (400 mL) was warmed to 50°C. To this suspension, a solution of 2-methylcyclohexanone 2 (70.0 g, 0.62 mol) in glacial acetic acid (110 mL) was added dropwise under stirring which caused boiling because of the strong exotherm reaction. After the addition, the mixture was heated under reflux for further 2 hours and then cooled to room temperature. The solvent was removed under reduced pressure, the residue diluted with water (200 mL) and then 2 M aq. sodium hydroxide solution was added to the residue until an alkaline pH was reached. The product was extracted with diethyl ether (200 mL), the organic phase dried with sodium sulfate, filtered and the solvent removed at the rotary evaporator. 4a-Methyl-2,3,4,4a,9a-hexahydro-1H-carbazole (4): A solution of tetrahydrocarbazole 3 (41.4 g, 0.26 mol) in 80% methanol-water (150 mL) was cooled to 0°C. Then sodium borohydride (5.3 g, 0.14 mol) was added in small portions and the temperature of the mixture was kept between 0-10°C. The reaction mixture was stirred at 5°C for 10 hours, then it was heated under reflux for further 3 hours and then cooled to room temperature. The solvent was removed in the rotary evaporator, the yellow oily residue diluted with water (50 mL) and made alkaline by addition of 2 M aq. sodium hydroxide solution. The product was extracted with diethyl ether, dried with sodium sulfate, filtered and the solvent removed under reduced pressure. The residue was distilled to afford a light yellow oil [15] A mixture of hexahydrocarbazole 4 (15.0 g, 80 mmol), diethyl malonate (5a) (38.5 g, 240 mmol) and diphenyl ether (10.0 g) was heated in a 2-necked flask equipped with a distillation bridge and a 20 cm Vigreux column. Liberation of ethanol starts at about 180°C. The temperature was raised to 200°C internal temperature and kept there for 6 hours. Then the temperature was raised to 210°C and kept there until no more ethanol was formed (about 3 hours). The reaction mixture was then cooled to approx. 40°C and triturated with diethyl ether (100 mL). The resulting solid was filtered by suction, washed with diethyl ether and dried under reduced pressure at 40°C. The yield was 18.13 g (70%), yellowish prisms, mp 205°C (1-butanol (7): To a suspension of pyrano-pyridocarbazoledione 6 (4.45 g, 13.8 mmol) in dioxane (30 mL), sulfuryl chloride (7.56 g = 4.5 mL, 56 mmol) was added portionwise under stirring, while the temperature was kept below 50°C. After about 10 minutes the mixture was heated to boil for 5 minutes, then poured onto crushed ice/ water (400 mL). The mixture was stirred for 4 hours, the obtained solid filtered by suction, washed with water until neutral and dried under reduced pressure at room temperature. The yield was 3.15 g (63%), yellowish prisms, mp 97°C (glacial acetic acid (8): To a suspension of pyrano-pyridocarbazoledione 6 (6.47 g, 20 mmol) in 1,2-ethanediol (50 mL), sodium hydroxide (4.4 g in 20 mL of water) was added. The reaction mixture was heated under reflux for 1.5 hours, then poured onto ice/water (300 mL), and slowly acidified with concentrated hydrochloric acid. The obtained precipitate was filtered by suction, washed with water (100 mL) and dried under reduced pressure at 40°C. (9): A solution of 5-acetyl-pyridocarbazolone 8 (3.60 g, 12 mmol) in 90% sulfuric acid (10 mL) was heated for 10 minutes to 135°C. Then the solution was poured onto ice/water (300 mL) and allowed to stand for 12 hours at room temperature. The precipitate was filtered by suction, washed with water (3x 50 mL) and dried under reduced pressure at 40°C. The yield was 2.05 g (66%), colorless prisms, mp 271°C (dimethylformamide) , 5.89; Cl, 12.95, N, 5.12. Found: C, 70.51; H, 5.97; Cl, 12.55, N, 4.93 . 4-Azido-11a-methyl-7a,8,9,10,11,11a-hexahydro-pyrido[3,2,1-jk]carbazol-6-one (11): To a solution of 4-chloro-pyridocarbazolone 10 (0.100 g, 0.42 mmol) in ethanol (4 mL) and water (0.25 mL), sodium azide (0.17 g, 2.6 mmol) was added and the resulting mixture was heated under reflux for 3.5 hours. The end of the reaction was detected by tlc control. Insoluble inorganic material was removed by hot filtration and the solution poured onto ice/water (70 mL). The mixture was allowed to stand for 12 hours , filtered by suction, washed with water (50 mL) and dried under reduced pressure at 30°C. The yield was 0.030 g (29%), black prisms, mp 155°C dec. 8.20-8.31 (m, 1 H, 3-H) . Anal. calcd for C 16 H 16 N 4 O (280.33): C, 68.55; H, 5.75; N, 19.99, Found: C, 68.91; H, 5.94; N, 19.67 . Reactions of 7a,8,9,10,11,11a-Hexahydro-pyrido[3,2,1-jk (12): To a solution of 4-hydroxy-pyridocarbazolone 9 (1.50 g, 6 mmol) in glacial acetic acid (50 mL), concentrated nitric acid (4.0 mL, 60 mmol) was slowly added at room temperature. Then sodium nitrite (0.25 g, 3.6 mmol) was added as a catalyst. The mixture was stirred for 2.5 hours at 20°C, then poured onto ice/water (150 mL), the mixture stirred for 2 hours, and the precipitated solid filtered by suction. The product was washed with water (3x 20 mL) until acid-free (pH=6) and dried under reduced pressure at 40 °C. The yield was 0.75 g (43%), mp 137 °C, followed by dec. at 146°C, yellow prisms (ethanol) , 5.37; N, 9.33. Found: C, 63.83; H, 4.99; N, 9. 07. 4-Chloro-11a-methyl-5-nitro-7a,8,9,10,11,11a-hexahydro-pyrido[3,2,1-jk]carbazol-6-one (13): 4-Hydroxy-5-nitro-pyridocarbazolone 12 (0.25 g, 0.8 mmol) was dissolved in phosphoryl chloride (4 mL) and then triethylamine (0.25 mL) was added dropwise. The mixture was heated under reflux for 2 hours, then cooled to room temperature and poured onto ice/water (100 mL). The mixture was brought to pH = 4-6 with 2 M aq. sodium hydroxide solution and kept for 12 hours at 20°C. The formed solid was filtered by suction, washed with water and dried under reduced pressure at 40 °C. The yield was 0.18 g (68 %), black prisms, mp 93°C (dec) (ethanol) , 4.74; N, 8.79. Found: C, 59.93; H, 4, 40; N, 9. 08. 4-Azido-11a-methyl-5-nitro-7a,8,9,10,11,11a-hexahydro-pyrido[3,2,1-jk]carbazol-6-one (14): To a solution of 4-chloro-pyridocarbazolone 13 (0.10 g, 0.30 mmol) in dimethylformamide (4 mL), sodium azide (0.5 g, 7.7 mmol) was added and the mixture heated to 75 °C under stirring for about 10 hours. The end of the reaction was detected by tlc check. The mixture was cooled to room temperature, poured onto ice/water (30 mL) and kept for 12 hours at 20°C. The solid was filtered by suction, washed with water (30 mL) and dried under reduced pressure at 30°C. The yield was 0.010 g (10%), black prisms, mp 180°C dec (ethanol). Calorimetric data for the thermolysis: reaction onset 147.9 °C, peak maximum 179. 4-Hydroxy-11a-methyl-5-phenyl-7a,8,9,10,11,11a-hexahydro-6H-pyrido[3,2,1-jk]carbazol-6-one (16a): A mixture of hexahydrocarbazole 4 (3.75 g, 20 mmol) and diethyl phenylmalonate (5b) (4.73 g, 20 mmol) in diphenyl ether (5 mL) was heated in a 2-necked flask with a 20 cm Vigreux column and a distillation bridge to 220°C. The mixture was kept at this temperature for 1 hour, then the temperature was raised for about 20 minutes to 230°C, until no more ethanol was liberated. The mixture was then cooled to room temperature, laced with diethyl ether (100 mL), the formed precipitate filtered by suction and washed with hexane. The yield was 4.71 g (71%), colorless prisms, mp 224°C (1-butanol (17): A mixture of 2-phenyl-pyridocarbazolone 16a (1.01 g, 3 mmol) and phosphoryl chloride (10 mL) was heated under reflux for 4 hours. The resulting solution was poured onto ice/water (100 mL) and brought to pH = 4-6 with 2 M aqueous sodium hydroxide solution. The solid was filtered by suction, washed with water (3x10 mL) and dried under reduced pressure at 40°C. The yield was 0.75 g (71%), colorless prisms, mp 182°C (ethanol (18): To a solution of 4-chloro-5-phenyl-tetrahydropyridocarbazolone 17 (0.52 g, 1.5 mmol) in dimethylformamide (10 mL), sodium azide (0.25 g, 3.8 mmol) was added and the resulting mixture was heated to 90°C for 12 hours. The reaction mixture was then cooled to 20°C, poured onto ice/water (50 mL) and the formed solid filtered by suction. The precipitate was washed with water (3x10 mL) and dried for 12 hours under reduced pressure at 40°C. The yield was 0.20 g (38%), yellow prisms, mp. 73°C and dec. at 137°C (ethanol). Calorimetric data for the thermolysis: decomposition at 241. 
